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SUMMARY 


In conjiAnction viiii assuiaptions ccnoeming -the prqporticn 
of time spent at various speeds, statistical gust data were used 
to determine gust load factors tliat could be exceeded a given 
number of times during ttie operational life of an airplane. The 
results indicated. -Qiat present gust load factors might be consider- 
ably lowered in certain cases viih a consequent decrease in structural 
weight. Modification of the present crltericn, however, must await 
the accumulation of data not presently available. 


raOROrUCTION 


Structural design requirements for aiarplanes commonly Include 
the determination of gust load factors, which are based on -the 
combination of certain effective gust velocities wlih arbitrarily 
chosen design speeds. Allhou^ the currently used design gust 
velocity of 30 feet per second has proved to be reasonably con- 
servative when applied in the neighborhood of the dseign hi^ speed, 
the degree of conservatism, as well as the choice cf a suitable 
value of design gust velocity for application at other speeds, has 
frequently been the subject of controversy. The controversy has 
resulted both from a lack of statistical data sufficiently extensive 
to permit the accurate determinaticn of the probability of failure 
for any assumed set of conditions and from the fact that a reasonable 
value for the probability of failure has never been specified. 

The determinaticn of the life ezpectancy oS an airplane 
requires a knowledge of the frequency of occxirrence of atmospheric 
gusts in combination with a knowledge of the time spent at various 
airspeeds (speed -time distribution). Althou^ average gust frequency 
has been reasonably well determined and reported in reference 1, 
data on speod-time distribution are completely lacking. Despite this 
lack of data, however, it is possible (l) to assume reasonable or 
limiting values of various parameters that relate to speed, speed-time 
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dlstriTjution, pei’mlssl'ble lumber of times that a given load can he 
exceeded during the operational life of an airplane, ving loading, 
end airplane and operating condltlcms, end (2) to apply the assxaned 
values to representative cases to deterraine whether present require- 
ments give ajiBwors that appear reasonable. 

As the result of such an analysis, the present paper shows the 
influence of operational speed, airplane life, speed-time distribution, 
and wing loading on airplane life expectancy and indicates possible 
extresne cases for which present design requirements are inadequate or 
unreasonable. 


SYMBCES 


Ueff effective gust velocity, foot per second 

W gross weight of airplane, pounds 

S wing area, square foet 

W/s wing loading, pounds per square foot 

fu mass density of air at sea level, slugs per cubic 

^ foot 

Vq equivalent airspeed, miles per hour 

V(j maximum equivalent permissible gliding car diving 

speed, miles per hour 

Vl maxlmxm equivalent airspeed in level flight, miles 

per hour 

L airplane operational life, miles 

fy speed distribution, ratio of miles flown in each airspeed 

bracket to total number of miles flown 

© mean gecmetrio wing chord, feet 

d nuuilJer of allowable critical gusts in oach airspeed 

bracket (A critical gust is a gust that results in 
a load equal to or exceeding the design applied load 
for tho airplane.) 

relative alleviation factor (referonco l) 
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m slop© of wing lif'b curve ooirected for aspect ratio, per radian, 
n airplane load factor, g units 


£sa increment of load factor, g units 




cr 


w 


M 


incranant of load factor resulting fraa a 30 "foot-per-secctid 
gust acting at 

spacing of critical gusts for aii’plane with mean gecmetric 
wing chord of 1 foot (The mean distance along a flight 
path hetweeai critical gusts for any airplane is then 

airplane gust paratseter, acceleraticn in g units per unit gust 
I.IvTPqEiEVj^ 

if “ U^/ 

Mach number 





max 


maximum normal -force coefficient 


ntFOEMA.TION REQUIEED 


Before an analysis can "be made to, determine the design load 
factor, it will be necessary to jknow, or to be able to assume, the 
spacing of critical gusts the speed distribution in terms of 

Yq and fr; the number of allowable critical gusts d, and the 
airplane operaticnal life L. 

Snacing of critical gusts .- In order to determine the spacing 
of critical gusts, it is necessary to loiatv either the actual 
frequency distribution of gust intensity or the relatiTe frequency 
distribution of gust intensity in canhiaation with a nuoibor that 
expresses the average number of gusts that will be experienced per 
mile of fli^t. At the present time, the only available data have 
been 'summarized in reference 1, in which the relative distributioi 
of effective gust velocity has been shown to bo essentially inde- 
pendent of teri’ain, altitude, airplane size, and airplane charac- 
teristics; as a result, two limiting unit summation curves of 
effective gust velocities wore presented. Those curves are 
leproduced herein as figure 1. Curve A indicates a more frequent 
occurrence of largo gusts than curve B; hence, in the interests of 
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conservatiem, curve A was selected as tiie TjaBis for the following 
analysis . 

Qhe analysis of total gust frequency given in reference 1 
shows that ihe total gust frequency per operating mile depends 
largely aa the terrain and on the operational altitude and is 
Inversely proportional to the mean geometric wing chord* For 
average airline operating condlticais approximately five significant 
gusts per mile will he experienced hy an airplane with a mean 
gecmetric wing chord of 10 feet; hence, the total frequency can he 
expressed as 50/5" gusts per operating mile. 

Curve A of figure 1 and the total gust frequency per 
operating 3mile can now ho ccmhined to obtain a gKieral curve ot 
the average number of miles that must ho flcwn to encounter one 
gust equal to or greater than a given intensity, ffiie result is 
shown in figure 2 , which includes the occui’rence of both positive 
and negative gusts, and is based on a value for c of 1 foot. 

In order to apply this curve to any airplane, it is necessary only 
to multiply the ordinate (spacing of critical gusts per mile) by 
the mean gecaaetric wing chord. 

Sneed distribution .- Inasmuch as airplanes genoi’al'i.y fly at 
speeds that ore highly variable, it is nooessary to define the 
frequency dlstrlbutiOTi of speed in terms of percent of total fli^t 
miles spent in different classifications of indicated airspeed. 
Statistical data of this kind are currently lacking; nevertheless, 
it is possible to make reasonable assumpticxis regarding the speed 
dietributlcm and to show the effect of varying such assunptiens . 

Number of critical gusts ." Selection of the total number of 
critical gusts that can be permitted during the operational life of 
an airplane is largely a matter of Judgement. In view of the current 
use of multiplying factors of safety, it appears reasonable to assume 
that more than one critical gust can be permitted; on the other hand, 
the degree of conservatism of the airplane design, is decroasod as 
the number of critical gusts increases. 

Opera tienal life ,- The operational life of the airplane is 
defined as -the average number of miles that the airplane must fly 
before its structural integrity can be questioned* Hiis definition 
should not bo construed to mean that the (static) structural strength 
of the airplane is decreased as a result of the repeated loads to 
which it Is subjected; it means, rather, that experience shows that 
the Y-G diagram continually grows as the number of miles flown 
increases . liflie structural life will depend on both the airplane typo 
and the airplane mission - a filter airplane in cembat service will 
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r::,'r:ilro csily a cUort c cn''-i j.ifo c.3 i-3. 'J/ .r, ; .. o. 

airplano . 


‘ immSD OF AMLYSIS 


Given the foregoing informaticaa, the analysis is carried cwt 
as follows: 


( 1 ) !Hie spacing of critical gusts in each speed classificatJon, 
in Biles, is obtained by substitution of appropriate values in Hio 
formula 


^r 


If. 


r 

dC- 


(Kote that 6 has been included in i2iis formula to reduce the caso 
to that of an 'airplane with a moan geometric wing chord of 1 foot.) 


(2) From figure 2, with -Talues of blown, tho corresponding 

values of effective- gust velocity can be obt^nod. If the 

value of "^Qff and the airspeed cor3:resp<»idlng to each speed classi- 
fication aro known, the increment of gust load factor for ouch 
spoed classification can be obtained by substituticn in .the usual 
gust f oimila ' • ; 




1 .47 p 0 miSIg^j>T qS 


2W 



’Iho points thus obtained may bo plqtted.cn .the Y-n diagram for the 
airplane under consideration. (iJhen applying the iisiial Glauert 
cdmprossibility correcticn as in -the case of ■fcho hi£^ -speed filter- 


type airplane conslderGd subsequoni^y, replace m by - m/Vl - *•* . 

where M is -the Mach number for the altitude xinder consideration.) 


IXAMPIES ■ 


Since airplanes according to their in-behded use are' usually 
divided into classes for piirposos of structural design and the 
limit DBneuver factors are specified accordingly, tho results of 
the analysis will obviously be affected by the -intended use of the 
airplane . For the present paper , therefore , caloulaticns were made 
for various values of airplano <^)oraticnal life end spoed distribution 
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for a hl^ -speed filter-type airplane (limit positive maneuver 
load factor of 8,0), for a ll^t "bomber -type airplane (limit positive 
maneuver load factor of 3*67), and for a large transport -type air- 
plane (limit positive maneuver load factor of 2 * 5 ) • These examples 
were selected to give two extreme cases and one intermediate case, 

For all examples, certain assim^tions have been made to supply 
the lacking data and to sin^lify the estimates of speed -time 
distribution and number of critical gusts. Ihi-ee speeds have been 
assumed as follows: 0 , 87 ^, and ^G* The airplane will be 

assumed to spend its entire life only at these three speeds . Since 
it appears probable that flying speed will generally be reduced 
below O.SVj^ during periods of turbulence and since such reduction 

will result in. lowered load factors for a given value of Ugff ^ 

assumption will be conservative. The total number of critical gusts 
that can be permitted during the life of an airplane has been 
arbitrarily set at 15 . This value is not believed to be unreasonably 
low, yet it avoids any necessity for considering the possibility, of 
fatigue failure. In order to equalize the chances of failure, this 
total number of critical gusts is evenly distributed among the three 
speeds; five critical gusts are hence permitted at each speed. 

Hi^ -speed filter-type al3rplane .- A hypothetioal high-speed 

fighter -type airplane was assumed, of which the pertinent dimensions 
and perfoiTuance characteristics are given in table I. In the con- 
struction of the " 7 -n diagram given in figure a 30 -foot-per-second 
gust was assumed for all speeds up to Tq,; in addition, the usual 
Glauert compressibility factor was applied to the slope of the lift 
curve, with operation at sea level assumed. No correction was applied 
for change in airplane attitude because the airplane was assumed to 
be sufficiently clean to approach Tq. in a relatively shallow dive. 

The conditions assumed are given in table I and consist of two 
values of airplane life of 1,000,000 and 500,000 miles and two 
assumed speed -distribution patterns* The values for airplane life 
have been intentionally selected to be conservative; the higher value, 
however,- which corresponds -bo 6 flying hours per day at 3^0 miles per 
hour for a period of 15 months, is believed to be excessive. It will 
be no-ted -that -the speed -dis-fcribution patterns are essentiaJ.ly alike 
except that -the proportion of flying miles spent at -fche higher speeds 
has been increased for condition II* The values of load factor 
obtained are plotted in figure 3 Qiid are Joined by stralgh"t lines to 
facilita-to their s-tudy. 

Light bomber -type airplane ,- A light belabor -type airplane has 
been chosen that is similar to scaoe now in mili-bary service. 
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The pertinent diiaensioniB and. perfomano© charetctoristios are given in 
table II » In the cons true ticn of the diagrau given in figure 4-, 
a 30 -foot “per -second gust assvmisd for all speeds up to Yq, cem- 
pressibility effects being neglected* Bie T-n diagrem is made for two 
values of wing loading in order to show the effect of this parameter. 
It will be noted that the gust load factor is critical cnly for ttxe 
li^t wing loading* 

The conditions assumed are given in table II and consist of two 
values of airplane life of 1,000,000 and 5^000,000 miles, of two wing 
loadings, and of two speed distributions. The lesser of the two 
assumed values of airplane life is considered to be reasonable for 
this type of airplane; the hi^or value, which corresponde to 10 years 
of dally operation at 0.87 t for 7 hours per day, is included to 
show the e^ect of a radical change in operating life on the gust 
load factor. The two speed distributions wore selected because under 
combat conditions a hi^er proportion of time is expected to be spent 
at V^. !Hie values of load factor obtained are shown in figure 4 
and are Joined by straight lines to facilitate theii- study. 

Large transport -type airplane *- A large transport -type airplane 
that is reasonably representative of present-day designs was assumod. 
Pertinent dimenaiens and performance characteristics are given in 
table III . In the construction of -aie V -n diagram, shown in figure 5 1 
a 30-foot-per-second gust was assmaed for a3J. speeds up to after 

which the gust was assumed to decrease linearly to 15 feet per second 
at 7 q.. No correotion for ccsirpresBibility was applied in this case. 

The conditions assumed are given in table III and consist of 
two values of airplane life of 5j000,000 miles and 15^000,000 miles 
and of three speed distributions . The lesser of these two values of 
airplane life is believed to be somewhat low in view of present uti- 
lization trends; this value correspcxids to operation for 12 hours per 

day for approximately ^ years at an average speed of 160 miles per 

2 

hour. The greater of these two values is distinctly conservative and, 
for the same utilization and average speed, amounts to approximately 
19 years of operation. The speed distributions have been selected to 
represent two extreme cases and one intermediate case. For one 
extreme case, the airplane is considered to spend 2k percent of its 
operational life at for the. other extreme case, the airplane is 

considered to spend only 5 percent of its operational life at 
The intermediate case is considered to be more nearly representative 
of actual conditions . For all cases , it is assumad that the airplane 
will spend 1 percent of its lifetime at Vq.* ‘JSiis assumption is 
hi^ly censervative , as unpiiblished Y-G dam fexr* transports indicate 
that, although Tq may scans tinea be considerably exceeded, "the 



8 


NACA IN No. 1268 


attainasnt of a speed in excess of V<j is an extremely rare occur- 
D^ence * The values of load factor obtained are shown in figure 5 
and are Joined "by strai^t lines to facilitate their study. 


DISCUSSION 


The discsusslon -Qiat follows is divided into three parts. The 
first part deals with the general implications and relations of the* 
analysis j the second part discusses the restilts obtained by tho 
specific oxajt^lesj the third part discusses possible sources of 
inconsistency between results «f the analysis and future measure- 
ments, as well as certain limitations of the analysis. 


General 


Average number of miles ner critical gu8t «~ The value of Is 

based on the assvunption that it will be applied to a largo nunibor of 
airplanes flying a large number of miles. ' In other words, given a 
large number of airplanes, all of which have flown the same distance, 
it is possible that some of the airplanes may never encounter the 
predicted number of critical gusts whereas others may encountei* 
several tiBies the predicted number. Ncnotheless, the average for all 
airplanes will .approach the predicted value . 

Diatribution of total number of critical gusts .- Olae procedure 
used herein has been to distribute tho total number of gusts equally 
among all speed braeJeets and thus to specify that tie probability of 
failure be the same for all speeds. An alternative method wight be 
to distribute the total number of critical gusts in proportion to the 
number of miles flown in each spSed bracket j this method has not been 
used, however, as this procedure would be tantaiiiount to requiring that 
the hi^er the speed, the safer the airplane. 

Increasing the number of speed branlrets and tiius decreasing tlie 
number of miles flown in each speed bracket malces approach a 

limiting value since the total number of critical gusts is constant,* 
hence, developing a continuous V-n envelope is possible for the entire 
speed range from the cut-off imposed by Cw to Yq.. The actual 

'max 

speed distribution would have to be precisely loiown, however, before 
such an envelope coui.d be more than approximated. 

Effect of speed distribution .- The effect of a change in speed 
distribution can readily be determined by reference to figure 6, 
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which was obtained frcaa figure 2 "by means of the relation 

£31 = wUeff =■ w f(X.p2,) 

where fC)^^^) is a function expressing iiio relation between Ugff 

and T^cr* ^ constant speed (constant w) the magnitude of "the 
effect of a change in speed distributioa is readily seen to be a 
function of Over the range from = 10 to X^.^;. = 100,000, 

however, a tenfold increase in X^j, for any value of w will only 
increase Zn by a value from. 27 percent to 36 percent. The speed 
distribution, liieref oi-e , need not be known with exactitude. Con- 
versely, sli^t changes in £n will result in large changes of 
operational life . 

Comnariaon with current criterion ..- The question may be raised 
as to whether the analysis will show a larger or a smaller load 
factor than the ctirrent gust -load criterion. For 'the case of an 
airplane designed for a 30-foot-per-second gust at and wHii 

coB^ressibility effects neglected, the following relationship will 
hold; 


^ ^eff^e ^(^cr)^e 
^ * 30Yl 

where is the increment of load factor resulting from a 30-foot- 

per-second gust acting at T^. This relationship is shown in figure 7 
for tht’oe values of An/zhiL. 

Examination of figure 7 indicates that, in terns of the analysis 
previously presented herein, the current gust-load orltericaa appears 
to yield reasonable values of operational life, particularly in view 
of the probability of reduction in speed during periods of severe 
turbulence . 

Effect of changes in speed on spacing of critical gusts .- The 
effect of a change in speed on the spacing of critical gusts will 
depend on whether that spacing is referred to limit load factor or 
to ultimate load factor. If X^j^, refers to limit load factor, the 

effect may then be determined for- the generalized case by reference 
to figure 6. The change in X^j, for a given change in w is a 

function of dn and decreases as £31 decreases. This application 
is equivalent to stating that as the req.uired load factor decreases 
the effect on X^^, of a change In speed lilrewise decreases. For 

the special case of an airplane that is Initially designed for a 
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30-foot"per-sec(»id gust at reference may "be made to figure 7# 
in which it ^rt-U he noted that reducing the speed from to 
0,8 Vl Increases the operational life hy a factor of 5*5^ whereas 
reducing the speed to 0.667Vt increases the operational life hy a 
factor of 2h, 

A different situatim exists when the spacing of critical 
gusts is referred to the ultimate load factor# as the ultimate load 
factor is currently deteirmined hy applying a multiplying factor to 
the limit load factor - not to the Increment of load factor. As 
a result, the values of for ultimate load factor will depend 

on the value of and on the direction (positive or negative) 

of the gust. In order to show the magnitude of this effect# the 
values given in table IV have hean computed for an airplane designed 
for a 30 -foot -per -second gust at and for An^ "2.0 hy 

extrapolation of the strai^t-llne relation for feet 

per second given in figure 2» These values# when multiplied hy 10# 
may he considered typical for an alrplaiie of the DC-3 class. 

The stilts, given in the last two columns of table IV are of 
particular interest in regard to the probability of complete struc- 
tural failm-e. The significant difference between critical gust 
spacing for positive ultimate load factor sii'i critical gust 

spacing for negative ultimate load factor indicates the 

illogicality of current use of the ultimate- factor of safety# as the 
chances of cai^lete structural failure are from 50 to 400 times as 
great for negative gusts as for positive gusts. Ihls Illogicality is 
pointed out even more forcefully hy ccmparlng columns 2 and h, whereby 

^cr 

it will he noted that the ratio of ho varies from 15 

to 30. This ratio implies that# on the average# if an airplane 
encounters from 15 to 30 negative gusts of sufficient magnitude to 
exceed the limit load factor# one of the gusts will exceed negative 
ultimate load factor. 


Examples 

■ Hi^-speed filter-type airplane .- a question that may legitl- 
mtely he raised concerns the propriety o£ applying gust -frequency 
data obtained during regularly scheduled transport operations to 
the design of specialized military airplanes. Reference 1 shows -ttiat 
relative frequency distribution of effective gust velocity is sub- 
stantially unaffected hy terrain# altitude, airplane size# and air- 
plane characteristics } hence any errors that may arise in the 
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applicatioa of the data of reference 1 to military airplanes will 
concern only the frequency of gusts per laile of fli^t. Al-&oti^ no 
specific infoiTnaticn on this subject is available, it appears 
reasonable to assume that military airplanes, especially of the filter 
type, vlll not generally encounter gust frequencies so hi^ as 
50/5’ gusts per mile. The use of transport operational data would there- 
fore appear to be conservative; the degree of ccjnservatism is not tiiou^t 
to be excessive in view of tiie relatively sli^t change in Ugff that 
will be obtained by a large change in Icr* 

Reference to figure 3 shows that the effect on load factor of 
a change in speed distribution is small. If the time spent at Vq 
is multiplied by 2.5, the load factor will be increased by only about 
six-tenths of a load factor, or about 12 percent for the worst case 
(negative gust). Such a resvilt wotOd be expected as, not only will 
most of the airplane life be spent in the lowest speed bracket, but 
also a large change in will not seriously affect . Errors 

as large as 100 to 200 percent can apparently be tolerated in esti- 
mating the proper values of Lf for the hl^er speeds . (Vl • 

Inspection of figure 3 shows that the applicaticn of a 30 -foot- 
per-second gust at Tq., in combination with a ccmpressibillty 
cozrection, results in a positive limit gust load factor greater than 
10 .5* restilts of the analysis, cn the otiier hand, indicate that 

only positive maneuvering loads are critical for design, althiou^ 
negative gust loads are still’ critical at Tg. Hence, in regard to 
the deaigi of hi^ -speed airplanes for which a 30 "foot -per -second gust 
may be ass-umed to act in conjuncticaa with speeds up to Vq, the 
analysis indicates that the present criterion is highly con- 
servative . Such excessive conservatism may easily reBuI*,t in severe 
weight penalties that are unnecessary to preserve the structural 
integrity of the airplane ; in the Specific case presented, considerations 
of life expectancy would probably reduce the airplane structural wei^t by 
an amount frcaa HOO to.Soo pounds. 

Light bcanber-type airplane .- The effect on load factor of a change 
in speed distribution is again seen to be relatively small (fig . 4 ). 

Ihe effect of an extreme change in operational life (by a factor of 5) 
is seen to outa/ei^ ccnsiderably the effect of a changed speed distri- 
bution; even this effect, however, is not excessive. 

Ihe analysis indicates that for a wing loading of Mj- pounds per 
square foot, the maneuver loads are critical for design. If the air- 
plane is initially designed for a wing loading of 22 pounds per square 
foot , however , ccsiGlderatlons of life expectancy shew a potential 
reduction in gust load factoi* to ’the point at which only maneuvering 
loeds are critical in design. It should be noted, moreover. 
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that the airplane with a wing loading of 22 pounds per sgmre foot 
can he considered equivalent to iaie heavier airplane at reduced 
gross weight ; hence considerations of life expectancy may he used 
to reduce local load factors, such as those applied to engine 
nacelles and supports. 

Large transport "type airplane «~ Since transport -type airplanes 

are designed to low maneuvering load factors as compared with 
present military airplanes, the effect on load factor of a change in 
speed distribution can he expected to he relatively greater. Even 
in the present case, however, the change does not appear to he 
excessive. For exaa^le, figure 5 shows Ihat if the time spent at 
Vj, (conditions X and XI) is multiplied hy a factor of nearly 5, 

the change in load factor is about Multiplying the opera tionajL 

life hy a factor of 3 has nearly tiie same effect (conditions VIII 
and IX) ; that is , the maximum load factors are increased hy about 
tliree “tenths of a load factor. 

The analysis shows an increase in the gust load factor at 

Such an increase mi{^t result in increased structural weij^tj the 
magnitude of wei^t Increase would depend cn the specific airplane 
characteristics and design and is hence not further discussed. The 
load factors at Yq, howevei’, can he reduced hy I'educing the relative 
proportiaa of time spent at that speed, provided experimental evidence 
warrants it. With regard to the fact that the current civil gust 
design criterion specifies that he 15 feet per second at Vq,, 

figure 2 shows tlaat fy, would have to he changed frcm 0.01 to O.OOO6 
to hecoms equivalent to the present criterion. Unpuhllshed data from 
the analysis of V-G records show that the proportion of time spent 
at speeds j.n excess of V]j is extremely variable and depends, among 
other things, upon the type of airplaiie and upon the operator. As 
previously mentioned , for an airplane to attain Yq is extremely 
rare during domestic transport operations; however, further statist!—' 
cal data are required to permit the assignment of a proper value to 
fj, for Vq, or to determine an intermediate speed between and 

Vq,. In the analysis, moreover, the probability of encountering a gust 
of a given magnitude has been assumed to he the same whatever the air- 
plane speed; that is, the curve of figure 2 may he applied to any 
classification of airspeed. This assumption implies that the trans- 
port pilot makes no atteii^jt to reduce speed in rou^ air and thus to 
reduce the loads due to a given gust. In setting up design oriterions, 
however, no other assumption can he mad©, until such time as transport 
pilots can he shovna universally to reduce speed during periods of 
turhtilence . 

It is especially noteworthy that, for the present case, assuming 
what are believed to he reasonable values of results in design 
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load factors at Vl that closely approxSiaate the values ODtaj.ixed hy 
current methods. 


Limitations 

At the present time, no data are avallahle to check the results 
of the analysis. When evich data "become available, it is possible 
that because of the limitations of the analysis, inconsistencies 
may be found in the results given heroin. Three factors appear to 
be of particular elgnif icanoo , that is, average freq.uency, freq^^ency 
distribution, and relative alleviation factor. 

Average freq[uency . - The average frequency of 50 /c gusts per 
mile selected for the analysis is teised on an average path ratio 
(ratio of length of flight path during which significant gusts are 
encountered to total, length of fli^t path) of 0.1. The path ratio 
may bo considerably affected by such items as airplane route (terrain), 
flight plan (altitude), and dispatching practice (pz’ediction of 
adverse weather conditions with consequent detouring or "grounding" 
of flights^, and is known to vary frem O.OO 6 ( 3 /c gusts per mile) to 
0.24 ( 120 /c gusts per mile). (See reference 1.) 

As mentioned in the preceding discussion of the large transport- 
type airplane, the assumption has been made that the transport pilot 
make no attempt to reduce speed in rough air. This assumption makes 
it possible to use a single average value of gust frequency for i 
airspeed classifications. It is entirely possible, however, for 
the pilot to exercise his Judgment and to fly at hi^^ speed on3.y 
in smooth air and to reduce speed only during periods of turbulence . 
This procedure has the effect of reducing the path ratio for the 
hi^-speed classifications and, hence, of reducing the average fre- 
quency of gusts encountered; at the same time, the path ratios will 
be increased at the lower speeds with a consequent Increase in average 
frequency . As a result, the required load factors at high speeds 
will be reduced over the values computed by neglecting pilot JuiUjnent; 
but at lowered speeds the reduction in required load factor due to 
reduction in speed tends to balance the increase in I’eqiiirod load 
factor due to an increase in gust frequency and, hence, the maximum 
required load factors may not be greatly affected. 

Frequency dis-feribution of gusts .- Tlie frequency distribution 
selected is actually the upper envelope of a number of individual 
frequency distributions. As a result, the selected frequency distri- 
bution will not necessarily correspond to any actual distribution 
and, consequently, exact correspondence between the results of this 
analysis aM actual experience is highly improbable . In addition. 
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the selection of a rational envelope Alstrlhution must neceosarilj'’ 
contain the assumption tiiat operating and dispatching practice rejiiain 
reasonably constant. For example, if at some time in the futui’e it 
Taecomes possible to predict - and thus to avoid - large gusts and if 
such avoidance is generally incorporated in operations, 1 practice, 
the frequency distribution of large gusts can then be expected to be 
correspoiidingLy modified. 

Another factor that might require consideration is that in very 
rough air the dual effect of pilot reactions and of airplane stability 
may result in an apparent change of frequency distribution. (See 
pp. 15 and l6 and fig. 4 of reference 1.) This appai’ont change in 
frequency distribution amounts to an increase in load factor per unit 
gust velocity and will depend on the characteristics of tlie particular 
airplane and on the technique used by the pilot. 

Relative alleviation factor ." The relative alleviation factor K 
(fig. 1 of I’eference l) neglects the effect of various airplane 
parameters. For specific airplanes the difference between the value 
of K given in figure 1 of reference 1 and the value of K as 
obtained by tests in gust tunnels may amount to as much as 20 percent. 
This difference maj’- result in a discrepancy between computed and 
actual miles per critical gust of as much ei/S 500 to 800 percent. 

Utilizat i on of analysis i- As previously mentioned, the data on 
hand are inadequate to permit the evaluation of the foregoing factors. 
Much more work will have ter be done before the analysis can be 
considered reliable. The analysis, however, would appear to err on 
the conservative side and, hence, it can probably be safely utilized 
in cases for which current design requirements appear excessive, 
provided that adequate statistical data are available or that 
acceptable assumptions can be developed. Whoh adequate statistical 
data become available and when a reasonable operational life can be 
defined, it should bo possible to develop a more' rational V-n diagram 
for gust load factors. 


CONCLUSIONS 


Statistical gust data ana3,yz©d in conjunction with assumptions 
concerning the proportion of time spent at various speeds indicated 
tiie following conclusions: 

1, 111 the case of high-speed fighter -type airplanes, the 
application of a 30 -foot -per -second gust at speeds up to the maximum 
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equivalent permisellDle gliding or diving speed appears to give r'osigii 
load factors that are unreasonably high. In vlev of the small amount 
of time likely to be spent at such speeds. 

2. The current civil design criterion of a 30-foot-per-second 
gust acting at the maxlmimi equivalent airspeed in level flight yields 
values of desi^ load factor that give reasonable operational life 
in terras of -the analysis presented. 

3> The current application of margins of safety to wing 
structure yields values of operational life, to ccraaplete structural, 
failure, that depend upon the direction of the gust. 

k. Variations in operational practice, as reflected by 
reduction of speed during periods of turbulence, possess a profound 
effect upon the structural integrity of the airplane . 

5. Eeasonable changes in speed-time distribution do not 
materially affect the results of the analysis presented. 

6. Current design requirements my be made more rational at 
such time as adeqxiate statistical data become available on gust 
frequency, length of fligh"fc path in rough air, and speed distribution 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ta., November 27, 1946 
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TABLE I.- SAMPLE CALCULATIOHS OF lESIO GIBT CQHBITIOMS 


FOR HICS-SEEIED FIGHTER -TffiE AIRPLAHE 


Pertineat dimensiosae aod perfoianance 

Ccndltlon 

Condi tlcn 

Condition 

characteristics 

I 

II 

in 

Required data 

Average llfe^ L , miles 

1,000,000 

500,000 

500,000 

Ifumber of allowahle critical 




gusts In each speed hradset^ d 

5 

5 

5 

Speed dlstrlhutlon, f~, at 




O.SVl 

0.80 

0.75 

o.So 


0.l8 

0.20 

0.18 

T(J 

0.02 

0.05 

0.02 

Mean wing, chord, c, feet 

7.5 

7.5 

7.5 

Wing loading, V/S, pounds per 




square foot 

30 

30 

30 

Slope of lift curve, m, per 




radian 

k»6 

4.6 

4.6 

MaiUnum gl1 d Ing speed, Tq,, miles 




per hour 

625 

625 

625 

Maodmm speed In level flight, Tj^, 




miles per hour 

lt 50 

450 

450 

Results of sample oalculatlcns 

Spacing of critical gusts, miles, at 




o.evj, 

21,300 

10,000 

10,700 


4,800 

2,660 

2,400 


533 

666 

267 

Critical gust velocity, feet per 




second at, O.SV^ 

31.0 

28.3 

28.4 

^L 

25.7 

23.9 

23.7 


20.1 

20.8 

18.8 

Load factors, g units, at 





f 4.81 

4.47 . 

4.49 

0 . 8 V^ 

|-2.8l 

-2.47 

-2.49 


/ 5.31 

5.01 

4.93 

■'^L 

(-3.31 

-3.01 

-2.98 


f 7.63 

7.86 

7.20 

^G 

p.63 

-5.86 

>5.20 


NATlOS/i ADVISORY 
COWiSITTjiE FOR AERCRAJ.KTICS 













17 


NACA TN No. 1268 


TABLE II.- SAMPIE OALOOIAEIC(HS OF IBSIGM CHBT COHDITIOUS 


FOR LICfflT BCWBES- 0 ?IEE AIEPLAHE 


Pertinent dimensions and performance 

Ocndlticn 

CcndlticQ 

Ccodlticn 

Ccnditicn 

characteristics 

IT 

T 

VI 

VII 

Beq,uired data 

Arerage llfe^ L, miles 


5,000,000 


1,000 ,000 

Humber of allowable critical gusts 





in each speed hractot, d 

5 

5 

5 

5 

Speed distribution, f„, at 





O.SVj, 

0.65 

0.85 

0.75 

0.85 


O.lJt 

0 .l 4 

0.24 

0 .i 4 


0.01 

0.01 

0.01 

0.01 

Mean wing chord, c, feet 

9.68 

9.68 

9.68 

9.68 

Wing loading, W/S, pounds per 





square foot 

¥i-.o 

44.0 

44.0 

22.0 

Slope of lift curre, m, per 





radian 

lt.66 

4.66 

4.66 

4.66 

MaxLmun gliding speed, Vq, m. 





per hour 

31^8 

348 

348 

348 

Maadmum. speed in lerel flight, 





miles per hour 

278 

278 

278 

278 

Besnlts of sanqils caloxtldtlans 

Spacing of critical gusts, miles, at 





o.arL 

17,560 

87,810 

15,500 

17,560 


2,890 

14,460 

4,960 

2,890 


207 

1,033 

207 

207 

Critical gust velocity, feet per 





second, at O.SV^ 

30.3 

36.6 

30?0 

30.3 


24.1 

29.8 

25.8 

24.1 


18.3 

21.6 

18.3 

18.3 

Load factors, g units, at 

r . ^ 





J 2.46 

2.77 

2.45 

3.64 

O.OVl 

\-.46 

-.77 

-.45 

- 1.64 


f 2.46 

2.60 

2.56 

3.64 

■'^L 

\-.46 

-.80 

-.56 

- 1.64 


I2.39 

2.63 

2.39 

3.51 

^G 

(-.39 

-.63 

-.39 

-1.51 


NATIONAL ADVISORY 
COimTTEE FOR ABRCNAimCS 
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TABIE m.- SAMBIE CAICTIATICIIiS C3F lESIGS GIST CXOTDITiaiJS 


FOR LARGE 5SARSPaRT-?aEE AIEPLAKE 


Pertinent diToenslons ami performance 

Condi tied 

Ccndlticii 

Condi ticn 

Ocndlticn 

charac ter is ti os 

vin 

IZ 

X 

XI 

Required data 

Average life, L, laiLes 

5,000,000 

15,000,000 

5,000,000 

5,000,000 

Humber of allowable critical gusts 





in each speed bracket, d 

5 

5 

5 

5 

Speed distribution, f-, at 





o.arL 

0.^ 

0.65 

0.75 

0.94 

^L 

O.lh 

0.14 

0.24 

0.05 

Vg 

0.01 

0.01 

0.01 

0.01 

Mean wing chord, c, feet 

13-7 

13.7 

13.7 

13-7 

Wing loading, W/S, pounds per 





sqxiare foot 

£3 

28 

28 

28 

Slope of lift curve, m, per radian. 

h.7 

l|-.7 

4.7 

4.7 

tJazlmmi gliding speed, Vg, miles 





per hour 

S96 

296 

296 

296 

1-iaxlinum speed in level fli^t, Tj,, 





miles per hour 

2£2 

222 

222 

222 

Results of 

sacmle calculaticns 



Spacing of critical gusts, miles, at 





O.SVl 

62,000 

186,000 

54,800 

63,600 

^L 

10,200 

30,600 

17i500 

3,650 

^G 

730 

2,190 

730. 

730 

Critical gust velocity, feet per 





second, at O.SVt 

35 

38.7 

34.7 

35-5 

Vl 

28.1f 

32.4 

30.2 

24.9 

TG 

2D .9 

23.4 

20.9 

20.9 

Load factors, g units, at 






f 3.02 

3.22 

2.99 

3.04 


1-1.02 

-1.22 

-99 

-1.04 


f 3.03 

3.32 

3.16 

2. 78 


(-1.03 

-1.32 

-1.16 

-.78 


/ 3.00 

3.24 

3.00 

3.00 

^G 

(-1.00 

-1.24 



-1.00 

-1.00 


NATICXAL ADVISOai 
COWITTEi: ?OR A.Erh.WAiiTIGJ 


















TABIE IV, - SKBBCT 


[^L 

Patio of alrpleaie 
spaed to design 
level -f 11 At 
soeed, V^/Vt. 

- ’ V " 

Grttical gu0t spacing 
for limit load factor 
in either directicn, 
X _/9 

cjy 

1.0 

0.15 X io 5 

.8 

1.1 

,667 

9.0 


SEEED OH CKETICAL GOST SPACING 


“2.0 at 30 Tps 


Critical gust spacing 

Critical gust spacing 

for positive ultimate 

for negative ultimate 

load factor, 

crp 

load factor , 

CTjj 

110 .0 X io 5 

2.2 X lo 5 

3.200,0 

26.0 

110,000 .0 

280.0 


* •■kW a V & IM I 

AA'U.UIUUj A1/VJ^AI 

OOHaTOEB FOE AEEOKAOTICS 
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^pac/ng of cr/fca/ gt/sf; ^ cr 


Fig. 2 
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F/gurcj 2 ~ D/sfonce bay woe/ t guoZ-o of //?f//o///a:j 
egucyf to or g/ rx//cr Fry// se/ecfed va/res for 
a/rpfanco w/Zf c - / fooZ /\veroge a/r/z/ja open 
aZ/ng cozzcZ/Z/ono. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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Load, factor. 



ftQure 4.— \fn d/aQram of hahf bom bet — type airplane. 

-V t * 


Fig. 4 NACA TN No. 1268 









* Load facfor_, n 



* 

r/guPG 6l- V-n diagram of large fransporf-fype airplane, m 
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2 — i' I I 

increment Sf had facfo, In 


^^Qi^r'e 6.- ffejaf/p^ 

^ CTj H' £7/7(j' 

iv= /.^7yg/T7^ ^ ^ 





’Spaanq of criitcal gusts, 'Acr, miles 

NATIONAL ADVISORY 
CWMITTEE FOR AERONAUTICS 

gure 7 - Range of para meters w/thm ■ which the onafysis ■ 
gi^es a /ower had ibcior -Hian a dOdoohper- second 
gust QCt/ng at 





